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In 1944 Rostenberg and Kanof (1) investi-
gated the extent and direction the 2:4 dinitro-
chlorobenzene molecule could be changed and
still produce reactions in already sensitized per-
sons. They found that the number of reactors
followed closely the resemblance of the isomers
to the primary sensitizing structure. Of course,
the 2:4 gave the greatest number of reactions,
then the 2:5 and the 3:4. The isomer which de-
viated the most and gave the least number of
reactions was 3:5. Rothman, Orland and Flesch
(2) in 1945 showed that ortho and meta-procaine
were non-reactive in the presence of sensitivity
to para-procaine. In 1952 Rajke (3) noted that
ortho-compounds did not react in the presence of
sensitivity to the para-group, and the failure of
nupercaine to react was attributed to the fact
that it was not a derivative of para-amino-
benzoate. Reactions from meta-phenylenedia-
mine were considered due to contamination by
the para-isomer.
The isomers of 2:4 dinitrochlorobenzene re-
tained some reactiveness; whereas those of para-
phenylenediamine (PPD) were non-reactive.
These findings suggested that certain information
might be obtained from patch testing the isomers
of known sensitizers. If all the isomers were re-
active, then the particular compound might have
a broader spectrum of sensitivity; and if only one
of the isomers was reactive, then the spectrum
might be narrower, perhaps limited to the de-
rivatives of the particular isomer. Patch testing
isomers should also disclose the limits of the
sensitizing structure of a compound and knowing
this, more precise information should be available
for immunochemical research. Finally, a better
understanding of the reactivity of isomers might
be valuable for interpreting the direction of cross-
sensitization. Paraphenylenediamine lent itself
well to this undertaking because of the availa-
bility of its isomers and the prevalence of this
type of sensitivity.
Three subjects comprised the clinical material.
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Case 1 showed a patch test reaction to PPD,
characterized by a button-like induration and
flaring edema. It required about 4 weeks to heal.
Case 2 and 3 displayed the button-like indura-
tion, but no flaring edema. The healing time was
less than 2 weeks. The isomers were patch tested
as 1% concentrations in petrolatum. Care was
taken to avoid contamination. Before presenting
the results, the dermatologic background of the
subjects will be reviewed since the level of sensi-
tization had an important bearing on the out-
come of the tests.
Case 1, female aged 28, had experienced 9 at-
tacks of dermatitis. The onset occurred in 1949
with a dermatitis from a hair dye. Sulfadiazine
induced a drug reaction in 1950, procaine penicillin
in 1950, and dental procaine 2 reactions in 1958.
Positive patch tests had been recorded to procaine,
2:4 toluene diamine and butyraldehyde aniline
condensation (4).
Case 2, female aged 38, was seen for a general-
ized, patchy, erytheinatous dermatitis which ap-
peared first over the breasts. A week before the
onset, phthalylsulfathiazol had been adminis-
tered. She took a total of 6 grams in a 48 hour
period. At the age of 19, there was a soft tissue
laceration which required suturing. A sulfonamide
might have been applied topically. At this time
also a generalized urticaria developed from teta-
nus immunization. There had been no previous
sulfonamide administration to her knowledge.
There had been one injection of penicillin seven
years ago with no reaction. Dental procaine was
used 14 years ago with no reaction. There was a
reaction to 2:4 toluene diamine but not to phtha-
lylsulfathiazol by patch test.
Case 3, female aged 50, had a hand dermatitis
for 6 months. For many years, spectacle bows and
wrist watches had caused itching and "bumps" to
appear at the sites of contact. In 1955 a parenteral
procaine penicillin caused local redness with pain
and tenderness at the injection site. There was an
associated sensitivity to nickel and 2:4 toluene
diamine. Procaine had been tolerated. She did not
recall taking sulfonamides. The hand dermatitis
was traced to a nickel plated cigarette lighter and
case.
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FIG. 1
PATCH TEST RESULTS WITH ISOMERS
The patch tests were removed in approximately
24 hours. Case 1 was tested with para, meta and
ortho isomers. Cases 2 and 3 were tested with
only the meta and ortho. The reactiveness of the
isomers is graphed in Figure I. The severity of
the para reaction in ease 1 is shown. Itching was
intense. A day later, the meta reaction appeared,
very mild compared to the para. There was no
itching. Some 30 hours later, the ortho reaction
developed, even less intense than the meta. Two
days later, all the reactions had crested. Now
another difference was evident. A flaring, non-
inflammatory edema featured the para. Its
broadest spread was 5 centimeters. As the flaring
stabilized, itching lessened and became nil. The
meta showed only barest flaring edema and the
ortho none at all. Case 2 developed an erythro-
edema to the meta isomer and no reaction to the
ortho. Case 3 showed a plus-minus reaction to the
meta and this vanished the following day. The
ortho was non-reactive. The healing time of the
reactions revealed still another difference. It was
20 days in case 1, 3 days in case 2 and less than
one day in case 3.
COLOR CHANGES OF THE ISOMERS
The presence of a PPD test on the Elastoplast
patch discolors the skin. This is a valuable marker
for delayed reactions and to identify other tests
for comparing degree and healing time. For some
time in PPD sensitivity, the degree of blackness
has been watched. It was thought that the skin
contained a substance, perhaps an enzyme, that
selectively affected and changed its color. The
color changes of the isomers of PPD are correlated
with their patch test results in Table I. The tested
patch contained the usual paper squares with a
dab of test material in the center. The untested
patch was prepared in the same way and left ex-
posed in the air.
The pam patch test was jet black. The test in
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TABLE I
Color changes in isomers of phenylenediamine
Color Changes
Tested patch
Para* black black black black black
light gray
Meta* yellow yellow yellow yellow yellow
light tan
Ortho* yellow yellow yellow yellow yellow
light tan (faint black
specks)
Test patch in air
Para blue blue
(darker)
blue blue
(still darker)
blue
Meta yellow yellow yellow brown brown
Ortho yellow yellow yellow yellow yellow
Days 1 5 10 15 20
* Color in petrolatum.
air remained blue. The skin effected a rapid and
complete color change in the para isomer. The
meta and ortho isomers showed essentially the
same color changes. The skin was without in-
fluence. Their color changes were not associated
with antigenicity. The presence of black dots on
the meta test paper and a few black specks on the
ortho test paper, and the absence of these color
changes in the air test, points to contamination
of the meta and ortho isomers by the para. Fieser
(4) notes that ortho-quinones of the benzene
series have oxidation-reduction potentials higher
by 85—95 millivolts than the isomeric para
quinones, which means that ortho-phenylenedia-
mine is less easily oxidized than para-phenylene-
diamine, and thus is less likely to form colored
ortho - quinone oxidation products. Meta-
phenylenediamine does not normally form qui-
none structures. Mayer (5) has emphasized many
times that in para-phenylenediamine sensitivity,
antigenicity rests in the quinone structure.
The color changes help to explain the patch
test results in Figure I. Recall that case 1 had
had multiple drug and dermatitic reactions, also
"caine" sensitivity, which had produced a high
level of skin reactiveness. The para isomer pro-
voked an exaggerated reaction, one unduly
severe. The meta and ortho isomers contained
sufficient para to induce a delayed and much less
intense response. The high level of skin reactive-
ness detected contamination from the para isomer
and indirectly served as a most critical test for
the lack of reactiveness of the meta and ortho
isomers. The dye chemist might find a patch test
highly specific for contamination of isomers.
Cases 2 and 3 with much lower levels of skin re-
activeness substantiated the conclusions in case
1. The ortho isomer was non-reactive in cases 2
and 3.
SUMMARY
The ortho and meta isomers of phenylenedlia-
mine were found to be nonreactive in the pres-
ence of para-phenylenediamine sensitivity. Anti-
genicity rests in the para-isomer. Color changes,
or the pathways of oxidation and reduction taken
by the isomers of phenylenediamine, help to ex-
plain the presence or absence of antigenicity.
Information on the patch test reactiveness of
chemical isomers could lead to a better under-
standing of immunochemistry and cross-sensitiza-
tion.
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